Abstract: Liquid phase combinatorial synthesis using a soluble polyethylene glycol (PEG) polymer support and commercially available 3-nitro-4-fluoro benzoic acid is carried out in order to create a molecular library of trisubstituted benzimidazoles. The PEG-ester conjugate of 3-nitro-4-fluoro benzoic acid is subjected to ipso-fluoro displacement by various primary amines. The nitro group is reduced under neutral conditions using excess zinc and ammonium chloride, producing the polymer-boundo-phenylene diamines. Reaction of the diamines with different aldehydes results in cyclisation to benzimidazoles. The polymer support is cleaved releasing the desired products in high yields and purity. All reactions are performed at room temperature.
Combinatorial organic synthesis has introduced of a multitude of variants of different molecular building blocks with optimum stereochemical and bio-physical properties; these syntheses have also accelerated the process of drug discovery. The introduction of liquid phase methodology has simplified combinatorial protocols and still meets the demand for a large array of molecular skeletons [1] . Though solid phase organic synthesis [2] pioneered the idea of a polymer support, it has been recently shown that liquid phase synthesis can have homogeneous, milder reaction conditions with easy product separation by precipitation. The progress of the soluble polymer supported organic reactions can be monitored by conventional analytical techniques. The most commonly used soluble support is polyethylene glycol (PEG), which through its ester conjugate, acts as a robust macromolecular carrier, facilitating the molecular events of functional group transformations on the organic substrate [3] [4] .
The benzimidazole ring is the pharmacophoric moiety in clinically approved drugs like thiabendazole, mebandazole, omeprezole, etc., known for their anthelmintic and antiulcer properties. However, there are a large number of benzimidazole derivatives with promising pharmacological activities closely resembling the present molecular library.
For example, 2-phenyl-4-carboxamido benzimidazoles are employed as resistance modifying agents [5] in chemotheraphy, utilizing their poly-(ADP-ribose) polymerase (PARP) inhibiting properties [6] . Substituted benzimidazole-5-carbonitriles containing a 2-phenyl moiety are active against Candida [7] and other bacterial species [8] [9] . Among the many Suramin [10] analogues tested for HIV and angiostatic properties, the 2-phenylbenzimidazole skeleton has been recognized as a key structural fragment [11] , and 2-2'-furyl-1-glycosylbenzimidazoles have been designed as potential germicidal agents [12] .
As the scale of their biological importance increases, both solid phase [13] [14] [15] and liquid phase [16] [17] synthetic strategies have been investigated for the production of compounds containing the benzimidazole skeleton. A hybrid methodology combining the use of a soluble polymer support and microwave irradiation has been demonstrated as an effective tool in the mercury chloride assisted synthesis of 2-arylamino benzimidazoles and other structurally diverse benzimidazoles [18] [19] [20] . The present paper gives a brief account of the salient features of the methodology adopted in generating a tri-substituted benzimidazole molecular library using a soluble polymer support. Our stepwise synthesis (Scheme 1) is initiated by loading commercially available 3-nitro-4-fluoro-benzoic acid on the PEG (MW 5000) using 1,3-dicyclohexylcarbodiimide (DCC) and a catalytic quantitity of 4-dimethylaminopyridine (DMAP). The reaction occurs via the activated DCC-ester and a nucleophilic attack of the polymer alcoholic group. The resulting PEG-ester conjugate 2 is soluble in a wide range of solvents (such as CH 3 OH, CH 2 Cl 2 , H 2 O, Cl 2 CH 2 CH 2 Cl 2 , THF.. . . etc) and is utilized through the entire synthetic sequence. The first step in the sequence is to bring about an ipso-fluoro displacement of the activated aromatic fluoride using various primary amines, which served as the first point of structural diversity. The reaction occurs at room temperature in dichloromethane, giving rise to the o-nitro anilines 3. The nitro group in 3 is reduced without affecting the polymer support using a large excess of zinc dust and ammonium chloride in methanol at ambient temperature. The resulting o-phenylenediamines, 4, act as precursors for the target benzimidazoles. The [4+1] approach is employed to facilitate the ring closure utilizing 4 as the double nucleophile and the aldehydic carbon as the electrophile. The reaction was carried out successfully using a threefold excess of the aldehydes. No acidic catalyst is needed, and harsh reaction conditions are not necessary to complete the cyclization. The use of aldehydes for the ring closure of benzimidazoles has been reported in the solid phase synthesis [21] [22] [23] . The polymer bound compounds are separated by precipitation upon addition of diethyl ether. The polymer support is withdrawn using sodium methoxide in methanol at room temperature in order to release the final benzimidazoles 6 in high yield and purity (Scheme 1). The mechanistic pathway for the ring closure seems to be via an imine intermediate 4a, formed by the nucleophilic addition of the primary amino group across the aldehydic carbonyl group. This azomethine, 4a, undergos intramolecular nucleophilic attack by the ortho secondary amino group leading to ring closure and thereby generating a probable zwitterionic species, 5a. The resulting dihydrobenzimidazole, 5b, undergoes fast oxidation producing the benzimidazole PEG conjugates, 5. The driving force for such an irreversible dehydrogenation of this species is the stability conferred on 5 due to aromatisation (Scheme 2).
Proton NMR is used as a non-invasive probe to monitor the PEG supported reactions by following the chemical shift changes in the aromatic region. The skeletal structure indicating the aromatic protons is shown in Figure 2 . The spectrum of the ester conjugate 2 shows a downfield doublet at 8.72 ppm for H a due to the combined anisotropic effect of the carbonyl and the electron withdrawing effect of the nitro group, an effect that is also reflected in the chemical shift of H b . The H c proton on o-nitroanilines 3 shifts significantly up-field, whereas H b and H a do not change appreciably. In the o-phenylenediamines4, all of the protons shift upfield, due to the two electron donating amino groups. The H c proton appears at 6.45 ppm. In the benzimidazole conjugates 5 the H a proton is again de-shielded (8. The hitherto described synthetic sequence has been successfully applied to generate a molecular library of compounds with diverse structural features; the results are summarized in Table 2 . Although the final products contain a methyl ester group, the ester can be further transformed into other useful functional groups, providing an additional site a -Determined from weight of crude sample; b -Purity determined by HPLC analysis (UV detection at λ = 254nm) of crude products; c -Determined by low resolution mass spectrometer (EI + ). Table 2 Representative products and results of tri-substituted benzimidazoles 6.
of diversity. All the reactions are highly efficient, producing the desired compounds in high yields and of excellent purity by simple precipitation and washing. Each compound [24] was tested for purity by HPLC, which was found to be in the range of 75-95 %.
In conclusion, we have demonstrated the utility of the PEG-ester conjugate as a macro molecular carrier for a multiple-step synthetic sequence involving S N -Ar reaction, nitro group reduction, and intra molecular N-C heterocyclisation.
